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Outline	
  
•  Geant4	
  –	
  now	
  	
  
•  Geant4	
  –	
  tomorrow	
  

:	
  Geant4	
  version	
  10	
  series	
  
•  Geant4	
  –	
  future	
  

–  This	
  talk	
  is	
  followed	
  by	
  
“Geant4	
  on	
  LCF”	
  by	
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Geant4	
  –	
  It’s	
  history	
  
•  Dec ’94 – R&D Project start 
•  Apr ’97 – First alpha release  

•  Jul ’98 – First beta release  

•  Dec ’98 – First Geant4 public release - version 1.0 

•  … 

•  Dec 2nd, ’11 – Geant4 version 9.5 release 

–  Oct 30th, ’12 – Geant4 9.5-patch02 release 

•  Nov 30th, ’12 – Geant4 version 9.6 release 

–  May 24th, ’13 – Geant4 9.6-patch02 release 

•  Jun 28th, ’13 – Geant4 10.0-beta release (planned) 

•  Dec 6th, ’13 – Geant4 10.0 release (planned) 

•  We currently provide one public release every year. 

–  Beta releases are also available. 

	
  

Current version 
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Large	
  Hadron	
  Collider	
  @	
  CERN	
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Geant4 has been successfully employed for 
•  Detector design 
•  Calibration / alignment 
•  First analyses 

Figures from CMS 

T. LeCompte (ANL) 
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Missing ET 

T. LeCompte (ANL) 
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Beam	
  transport	
  for	
  Project	
  X	
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Application of Radiation Transport Simulator Geant4 to Space and Medical Science   
M. Asai (SLAC) 1 

Solar event gamma-rays 

•  Electron Bremsstrahlung – induced gammas in 
solar flares 

•  Compton back-scattering 
 ! observable gamma-ray spectrum  
 much softer than predicted by simple  
 analytic calculations 



Single	
  Event	
  Upset	
  on	
  SRAM	
  in	
  space	
  radia=on	
  environment	
  





Simula=on	
  of	
  Single	
  Event	
  Effect	
  
•  63-­‐MeV	
  proton	
  incident	
  on	
  a	
  SiGe	
  

Heterojunc=on	
  Bipolar	
  Transistor	
  (HBT)	
  
•  Iso-­‐charge	
  surfaces	
  following	
  a	
  nuclear	
  

reac=on	
  

•  SRAM	
  used	
  on	
  NASA	
  spacecrac	
  
observed	
  Average	
  SEU	
  Rate:	
  
–  1x10-­‐9	
  Events/Bit/Day	
  

•  Vendor	
  predicted	
  rate	
  using	
  CREME96:	
  
–  	
  2x10-­‐12	
  

•  Geant4-­‐based	
  MRED	
  rate	
  (includes	
  
reac=on	
  products):	
  
–  Between	
  1.3x10-­‐10	
  and	
  1.3x10-­‐9	
  





Lateral Motion of Lung Tumor 
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(400 µm)3 voxelized 
mouse phantom"

High resolution phantoms"

Vertebra (25 µm)3" Bladder (50 µm)3" Trabecular bone (15 µm)3"

R Taschereau and AF Chatziioannou, Monte Calro simulations of absorbed 
dose in a mouse phantom from 18-fluorine compounds,"

Medical Physics, 34(3), 1026-36 (2007)"



New high-resolution transparent visualization 

22 



Condensed Matter Physics in Geant4 
• Phonon propagation, including focusing based on 
elasticity tensor (right) 
 
• e-/h+ transport, including conduction band 
anisotropy and Luke-Neganov emission, under 
development (below) 
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e-­‐/h	
  propaga=on	
  with	
  Luke	
  
phonon	
  emission	
  in	
  Ge	
  crystal	
  	
  



Extending	
  Geant4	
  coverage	
  
•  Phonon	
  transport	
  in	
  cryogenic	
  crystal	
  	
  
•  Electron	
  /	
  hole	
  transport	
  in	
  semiconductor	
  
•  Channeling	
  effect	
  in	
  atomic	
  lagce	
  	
  
•  Raman	
  scahering	
  
•  Thermal	
  mo=on	
  of	
  atoms	
  in	
  vacuum	
  cryostat	
  	
  



Geant4	
  version	
  10	
  series	
  
•  The	
  release	
  in	
  2013	
  will	
  be	
  a	
  major	
  release.	
  

–  Geant4	
  version	
  10	
  –	
  planned	
  release	
  date	
  :	
  Dec.	
  6,	
  2013	
  
•  The	
  highlight	
  is	
  its	
  mul=-­‐threading	
  capability.	
  

–  A	
  few	
  interfaces	
  need	
  to	
  be	
  changed	
  due	
  to	
  mul=-­‐threading	
  
•  It	
  offers	
  two	
  build	
  op=ons.	
  

–  Mul=-­‐threaded	
  mode	
  (including	
  single	
  thread)	
  
–  Sequen=al	
  mode	
  

•  In	
  case	
  a	
  user	
  depends	
  on	
  thread-­‐unsafe	
  external	
  libraries,	
  he	
  may	
  install	
  
Geant4	
  in	
  sequen=al	
  mode.	
  

G4MT	
  	
  
prototype-­‐9.4	
  

(2011)	
  

G4MT	
  
prototype-­‐9.5	
  

(2012)	
  

G4	
  10.0.beta	
  
(now)	
  

G4	
  10.0	
  
(Dec.	
  2013)	
  

G4	
  10	
  series	
  
(2014~)	
  

•  Proof of 
principle	



•  Identify 
objects to 
be shared	



•  First testing	



•  MT code 
integrated 
into G4	



•  API re-design	


•  Example 

migration	


•  Further testing	


•  First 

optimizations	



•  Production 
ready	



•  Public 
release	



•  Further 
refinements	
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Geant4	
  mul=-­‐threading	
  :	
  event-­‐level	
  parallelism	
  
•  This	
  choice	
  minimizes	
  the	
  changes	
  in	
  user-­‐code	
  

•  Maintain	
  API	
  changes	
  at	
  minimum	
  
•  All	
  Geant4	
  code	
  has	
  been	
  made	
  thread-­‐safe.	
  

–  Thread-­‐safety	
  implemented	
  via	
  Thread	
  Local	
  Storage	
  
•  Most	
  memory-­‐consuming	
  parts	
  of	
  the	
  code	
  (geometry,	
  physics	
  tables)	
  are	
  shared	
  

over	
  threads.	
  
–  “Split-­‐class”	
  mechanism:	
  reduce	
  memory	
  consump=on	
  

•  Read-­‐only	
  part	
  of	
  most	
  memory	
  consuming	
  classes	
  are	
  shared	
  
•  Enabling	
  threads	
  to	
  write	
  to	
  thread-­‐local	
  part	
  

•  Par=cular	
  ahen=on	
  to	
  create	
  “lock-­‐free”	
  code:	
  linearity	
  (w.r.t.	
  #threads)	
  is	
  the	
  
metrics	
  we	
  are	
  concentra=ng	
  on	
  for	
  the	
  =me	
  being.	
  	
  

•  Ini=al	
  performance	
  penal=es	
  observed	
  in	
  early	
  prototypes	
  have	
  already	
  been	
  
addressed.	
  

•  Tes=ng	
  on	
  both	
  x86_64	
  and	
  MIC	
  architectures	
  
•  Use	
  of	
  POSIX	
  standards	
  	
  

–  Allowing	
  for	
  integra=on	
  with	
  user-­‐preferred	
  paralleliza=on	
  frameworks	
  (e.g.	
  
MPI,	
  TBB,	
  etc.)	
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x86_64	
  results	
  

•  Good	
  linearity	
  demonstrated	
  
•  Efficiency	
  w.r.t.	
  perfect	
  linearity	
  90%	
  (80%	
  in	
  HT)	
  	
  

•  Out-­‐of-­‐the	
  box	
  Geant4	
  with	
  MT=ON	
  
•  Further	
  improvements	
  expected	
  

•  Use	
  of	
  lock-­‐free	
  malloc	
  library	
  and	
  reduc=on	
  of	
  false	
  cache	
  should	
  improve	
  
performance	
  further	
  	
  

•  See	
  Euro-­‐Par2010,	
  Part	
  II	
  LNCS6272,	
  pp.287-­‐303:	
  full	
  efficiency	
  recovered	
  

HT	
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CPU	
  +	
  coprocessor	
  combined	
  results	
  

•  First	
  look	
  at	
  total	
  throughput:	
  Events/s	
  
–  8	
  core	
  Xeon	
  CPU	
  +	
  1	
  Xeon	
  Phi	
  (60	
  core)	
  

•  Very	
  promising	
  results	
  
–  Up	
  to	
  8	
  Xeon	
  Phi	
  cards	
  can	
  be	
  hosted	
  by	
  single	
  machine	
  

•  Further	
  op=miza=on	
  foreseen	
   29 



Memory	
  consump=on	
  

•  Geant4	
  compiled	
  for	
  
MIC	
  architecture	
  

•  No	
  op=miza=on	
  yet	
  
•  40MB	
  /thread	
  

addi=onal	
  memory	
  
usage	
  

M
em

or
y	
  
siz

e	
  
(M

B)
	
  

PRELIMINARY	
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MPI	
  +	
  mul=-­‐threading	
  
•  Geant4	
  version	
  10	
  works	
  with	
  MPI.	
  

–  Many	
  nodes	
  of	
  many	
  cores	
  

•  4	
  MPI	
  processes	
  with	
  2	
  cores	
  each	
  
•  Each	
  MPI	
  process	
  owns	
  histogram	
  
•  Threads	
  merge	
  dose	
  calcula=on	
  in	
  shared	
  histogram	
   31 



Preliminary	
  studies	
  on	
  TBB	
  

•  Intel	
  Threading	
  Building	
  Block	
  is	
  a	
  library	
  for	
  task-­‐based	
  	
  
mul=-­‐threading	
  code.	
  Some	
  LHC	
  experiments	
  show	
  their	
  interest	
  
in	
  the	
  use	
  of	
  TBB	
  in	
  their	
  frameworks.	
  

•  We	
  have	
  verified	
  that	
  the	
  G4MT	
  can	
  be	
  used	
  in	
  a	
  TBB-­‐based	
  applica=on	
  where	
  TBB-­‐
tasks	
  are	
  responsible	
  for	
  simula=ng	
  events.	
  

–  We	
  didn’t	
  need	
  to	
  modify	
  any	
  concrete	
  G4MT	
  class	
  to	
  adapt	
  to	
  TBB.	
  

•  A	
  simple	
  test	
  code	
  has	
  been	
  prepared	
  that	
  uses	
  TBB	
  and	
  G4MT.	
  

•  We	
  keep	
  inves=ga=ng	
  where/how	
  to	
  reduce	
  memory	
  use.	
  

•  We	
  will	
  provide	
  an	
  example	
  or	
  two	
  at	
  the	
  release	
  of	
  version	
  10	
  to	
  demonstrate	
  the	
  

way	
  of	
  integra=ng	
  TBB	
  and	
  G4MT.	
  

–  We	
  will	
  keep	
  communica=ng	
  with	
  our	
  users	
  to	
  polish	
  our	
  top-­‐level	
  interfaces.	
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Geant4	
  -­‐	
  future	
  
•  Geant4	
  version	
  10	
  series	
  

–  First	
  public	
  release	
  :	
  Dec.	
  2013	
  
–  Improvements	
  /	
  op=miza=ons	
  /	
  internal	
  design	
  revisions	
  follow	
  
–  Major	
  API	
  will	
  be	
  kept	
  at	
  least	
  for	
  a	
  few	
  years.	
  

•  Cache-­‐hit-­‐rate?	
  
–  ASCR	
  colleagues	
  measured	
  the	
  cache-­‐hit-­‐rate	
  of	
  the	
  latest	
  prototype	
  with	
  full-­‐CMS	
  

geometry.	
  
“Data	
  cache-­‐hit-­‐rate	
  is	
  really	
  good,	
  opera=on	
  cache-­‐hit-­‐rate	
  is	
  even	
  beher.”	
  

–  We	
  s=ll	
  have	
  places	
  to	
  improve.	
  
•  Use	
  of	
  TLS	
  

–  Two	
  hot	
  spots	
  are	
  to	
  be	
  addressed.	
  
•  Random	
  number	
  engine	
  
•  Ion/isomer	
  table	
  

•  GPGPU	
  
–  We	
  think	
  GPGPU	
  is	
  s=ll	
  premature	
  for	
  whole	
  Geant4-­‐based	
  simula=on,	
  but	
  hybrid	
  

system	
  is	
  within	
  the	
  reachable	
  range.	
  	
  
–  The	
  Geant4	
  collabora=on	
  is	
  engaging	
  to	
  several	
  exploring	
  ac=vi=es.	
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EM	
  physics	
  on	
  GPU/Cuda	
  
•  SLAC	
  /	
  Stanford-­‐ICME	
  /	
  KEK	
  /	
  NVIDIA	
  project	
  
•  Full	
  EM	
  physics	
  up	
  to	
  ~100	
  MeV	
  for	
  electron	
  /	
  positron	
  /	
  gamma	
  

–  Only	
  one	
  kind	
  of	
  material	
  (water)	
  with	
  different	
  densi=es	
  
–  No	
  geometrical	
  naviga=on	
  –	
  regular	
  boxes	
  in	
  a	
  world	
  

•  Benchmark	
  on	
  TESLA	
  K20	
  shows	
  >O(102)	
  faster	
  than	
  single	
  core	
  of	
  i-­‐7.	
  

6	
  MeV	
  γ	

 20	
  MeV	
  e-­‐	





To	
  sum	
  up	
  
•  Geant4 is now in its 15th year of production phase. 
•  Despite its age, it is yet evolving and being enriched with new functionalities.  

–  This demonstrates the advantage of the use of OO technologies.  
–  And shows the appropriateness of the early design adopted 19 years ago.  

•  Improvement of physics quality and speed remains a priority to Geant4. 
•  New technologies trigger in-depth rethinking of simulation paradigm. 

–  Many options, many possibilities, 
•  Geant4 has accommodated part of these by providing a multi-threading solution, 

based on event-parallelism. 
–  That will become the Geant4 version 10.0 to be released in Dec. 2013. 
–  Available	
  on	
  both	
  x86_64	
  and	
  MIC	
  architectures.	
  
–  MPI + MT 

•  We keep eyes on all other opportunities.  
–  Hybrid simulation with EM physics being delegated to GPGPU looks 

promising. 
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